Plant root and shoot dry weight, leaf relative water content (LRWC) and chlorophyll content were reduced by 30%, 21%, 15%, 34%, respectively, at 40mM NaCl as compared to non-salt stress conditions. However, membrane permeability (MP) of plant increased (85.0%) with increasing salinity. Foliar nutrient application (FNA) alleviated deleterious effects of salinity stress on growth and this effect was statistically significant. The highest alleviation effect of FNA at 40mM salinity stress was observed in the case of 10mM foliar KNO 3 and Ca(NO 3 ) 2 application, resulting in increase in plant root dry weight (50%), shoot dry weight (50%), LRWC (8.2%) and MP decrease (27.4%) at 40mM NaCl. Phosphorus, Fe and Zn contents in shoots and roots of plants also increased with FNA treatments, but they were still much lower than those of non-salt stress treatment. Sulphur, P, Fe and Zn contents of shoots reached similar values as in non-salt stress treatment when KNO 3 was applied, whereas Fe, Mn, Zn, and Cu contents of roots reached the values of non-salt stress treatment when Ca(NO 3 ) 2 was applied.
Salinity is a major abiotic stress reducing the yield of wide variety of crops all over the world; high concentrations of salts in soils account for large decreases in crop production. Globally, more than 770.000 km 2 of land is salt-affected by secondary salinization: 20% of irrigated land, and about 2% of dryland agricultural land (FAO 2006) .
The relationship between NaCl stress and macronutrient deficiencies is well established. Calcium plays an essential role in processes that preserve the structural and functional integrity of plant membranes, stabilize cell wall structure, regulate ion transport and selectivity, and control ion-exchange behavior as well as enzyme activities (Marschner 1995) . Sufficient supply of calcium in saline soil solutions is an important factor in controlling the severity of specific ion toxicities, particularly in crops which are susceptible to sodium and chloride injury (Grattand and Grive 1999) . Potassium is another major plant macro-nutrient that plays important roles related to stomatal behavior, osmoregulation, enzyme activity, cell expansion, neutralization of non-diffusible negatively charged ions, and membrane polarization. Metabolic toxicity of Na is largely due to its ability to compete with K for binding site essential for cellular function (Bhandal and Malik 1988) . It is evident that salt stress has a significant effect on N nutrition in plants. Salinity reduces the uptake of NO 3 -in many plant species mostly due to high Cl content of saline soil (Grattan and Grieve 1999) . Nitrogen application effectiveness was observed on tomato and cucumber under salinity stress conditions (Cerda and Martinez 1998) . Magnesium ions are found in the centre of chlorophyll molecules; and as chlorophyll is a key component in the reaction of photosynthesis, which produces energy for growth, Mg ions are therefore essential. Magnesium also plays a substantial part in phosphorus transport in the plant; it assists in phosphate metabolism, plant respiration, protein synthesis, and activation of several enzyme systems (Marschner 1995) . It was shown that salt stress reduces the uptake of magnesium by plants (Yildirim et al. 2008) .
Strawberry cultivation (with 160 000 t production) (FAO 2006 ) is of great importance in the horticulture sector in both domestic and foreign markets in Turkey. Almost all of this production comes from small family farms of 0.05-0.5 ha. Strawberry is considered as NaCl-sensitive species and salinity was shown to reduce leaf number, leaf area, shoot dry weight and number of crowns, leading to low yields (Pirlak and Esitken 2004 ).
An alternative approach for alleviation of salinity stress could be established with supplementary Mg, Ca, K, and N via leaf spray applications where the growth medium is known to be or may become saline at some time during the growth cycle. An experiment was conducted with strawberry plants grown in pots to assess the effectiveness of foliar application of KNO 3 , Mg(NO 3 ) 2 , Ca(NO 3 ) 2 for alleviation of salinity stress. The objective of the experiment was to investigate the effects of foliar supplementary Ca, Mg, K and N nutrition on plant growth, chlorophyll concentration, LRWC, MP and plant ion balance of strawberry plants under salt stress and non-stressed conditions.
MATERIAL AND METHODS
Growth conditions and plant materials. The study was conducted under greenhouse conditions at the Atatürk University in Turkey in [2007] [2008] . Strawberry (Fragaria × ananassa Duch.) Fern plants were maintained under natural light conditions, approximate day/night temperature of 21/16°C and 75% relative humidity during the experiment.
Cold-stored bare-rooted strawberr y plants with one well-developed crown of 8-10 mm in diameter were planted in celled-trays containing peat (pH 5.5, EC 250 mmhos/cm, N 300 mg/l, P 2 O 5 132 mg, K 2 O 332 mg, organic matter 2%). Plants were transferred to free draining pots (20 and 17 cm in top and bottom diameter, respectively, and 20 cm in height, with holes in the bottom) filled with a mixture (1/1 v/v) of soil and sand (pH 7.36, EC 1.12 dS/cm, N 12.9 mg/kg, P 14.55 mg/kg, exchangeable K 1.55 meq/100 g soil, organic matter 4.5%) 20 days after planting (DAP). All pots were randomized on the benches in the greenhouse. There were 2 stress conditions (0 and 40mM NaCl), 2 foliar application salt doses (0, 10mM), 3 foliar fertilizer types [KNO 3 , Ca(NO 3 ) 2 and Mg(NO 3 ) 2 ], with 4 replicates per treatment and 10 plants per replicates.
S p r ay t r e at m e n t s. K N O 3 , C a ( N O 3 ) 2 a n d Mg(NO 3 ) 2, were obtained from the Sigma Chemical Co. UK, concentrations of 10mM were made up with distilled water containing 0.02% Tween 20 (Polyoxyethylene sorbitan monolaurate, Sigma Chemicals, UK). The initial foliar treatments were applied three days before the seedlings were transferred to the pots. Both lower and upper leaf surface was sprayed until wetted. Three subsequent applications were done at 7-day intervals. Plants were sprayed with the solutions until dripping, with a held atomizer. Plants sprayed with 0.02% Tween 20 served as the control.
Salt treatments. Salinity treatments were established by adding 0 and 40mM of NaCl to a base complete nutrient solution (SoFertig) when the plants were transplanted. The composition of the SoFertig (Elfatochem Co., Paris, France) was (%): N 17, P 2 O 5 9, K 2 O 31, Mg 2, SO 4 4, Na 0.001, Fe 0.02, Zn 0.002, Cu 0.002, B 0.01, Mn 0.01, Mo 0.001. The dilute solution (1/10) was prepared by adding SoFertig to the distilled water. The soil was maintained at 70% field capacity by watering the soil every 6-7 day with dilute solution. The electrical conductivities of these solutions after adding 0 and 40mM of NaCl were determined with a conductivity meter, Model 470 (Jenway Limited). Electrical conductivities (EC) of the solutions were 1.71 dS/m for 0mM NaCl and 4.86 dS/m for 40mM NaCl. All pots were irrigated to 70% field capacity with 0 or 40mM saline solutions to maintain the level of salinity after transplanting.
Chlorophyll measurements. A portable chlorophyll meter (SPAD-502, Konica Minolta Sensing, Inc., Japan) was used to measure leaf greenness of the plants. SPAD-502 chlorophyll meter can estimate total chlorophyll amounts in leaves of a variety of species with a high degree of accuracy, with a non-destructive method (Neufeld et al. 2006) . For each plant, measurements were taken at four locations on each leaf; two on each side of the midrib on all fully expanded leaves, and then averaged.
Measurements of electrolyte leakage (membrane permeability). For measurements of electrolyte leakage, 10 leaf discs (10 mm in diameter) from the young fully expanded leaves from two plants per replicate were placed in 50 ml glass vials, rinsed with distilled water to remove electrolytes released during leaf disc excision. Vials were then filled with 30 ml of distilled water and allowed to stand in the dark for 24 h at room temperature. Electrical conductivity (EC1) of the bathing solution was determined at the end of incubation period. Vials were heated in a temperature-controlled water bath at 95°C for 20 min, and then cooled to room temperature and the electrical conductivity (EC2) was measured. Electrolyte leakage was calculated as percentage of EC1/EC2 (Shi et al. 2006) .
Leaf relative water content (LRWC). LRWC is a useful measure of the physiological water status of plants. Two leaves were collected from the young fully expanded leaves of two plants per replicate. Individual leaves were first detached from the stem and then weighed to determine fresh weight (FW). In order to determine turgid weight (TW), leaves were floated in distilled water inside a closed Petri dish. Leaf samples were weighed periodically, after gently wiping the water from the leaf surface with the tissue paper until a steady state achieved. At the end of imbibition period, leaf samples were placed in a pre-heated oven at 80°C for 48 h, in order to determine dry weight (DW). Values of FW, TW, and DW were used to calculate LRWC using the equation below (Kaya et al. 2003) :
Growth parameters. Forty days after planting, eight plants from each replicate were harvested, and data on plant growth variables such as shoot fresh weight, root fresh weight, shoot dry weight and root dry weight per plant were determined. The plant material for dry weight was dried at 70°C for 48 hours.
Mineral analysis. Shoot and root samples were washed carefully to remove soil using deionised water. In order to determine the mineral contents of shoot and root, plant samples were ovendried at 70°C for 48 h and ground to pass 1 mm sieve. The Kjeldahl method and a Vapodest 10 Rapid Kjeldahl Distillation Unit (G erhardt , Konigswinter, Germany) were used to determine total N. Phosphorus and S contents were determined after wet digestion using a HNO 3 -HClO 4 acid mixture (4:1 v/v) (AOAC922.02 2005); P and S in the extraction solution were measured spectrophotometrically using the indophenol-blue and ascorbic acid method (AOAC931.01 2005) and a UV/VIS Aqumat Spectrophotometer at 660 nm and at 440 nm, respectively (Thermo Electron Spectroscopy LTD, Cambridge, UK). Potassium, Na, Ca, and Mg, Fe, Mn, Zn, and Cu were determined after wet digestion using a HNO 3 -HClO 4 acid mixture (4:1 v/v). In the diluted digests, K, Na, Ca, Mg, Fe, Mn, Zn, and Cu analysis were determined by atomic absorption spectrometry (Perkin Elmer 3690) (AOAC975.03 2005).
Statistical analysis. The statistical analysis was conducted using the GLM procedure of SPSS. The experimental design was hierarchical with respect to two factors arranged in a completely randomized design with four replications. Data were subjected to analysis of variance (ANOVA) to compare the effects of salt stress treatments and foliar treatments. The differences between the means were compared using the least significant difference test (LSD, P < 0.05).
RESULTS AND DISCUSSION
The results obtained from this experiment showed that salinity stress reduced plant shoot and root fresh weight, shoot and root dry weight and chlorophyll content. Plant root and shoot dry weight and chlorophyll content were reduced in average by 30%, 21%, 34% at 40mM NaCl, respectively, as compared to non-salt stress condition. However, supplementary foliar nutrient application increased all the above mentioned parameters compared to FNA-untreated plants (Figures 1 and 2 ). Foliar nutrient application alleviated deleterious effects of salinity stress on growth and growth parameters of strawberry, depending on nutrient types. The highest alleviation effect of FNA under salt stress was observed in 10mM foliar Mg(NO 3 ) 2 application, when chlorophyll at the ratio 73,2% is taken into consideration; however, 10mM foliar Ca(NO 3 ) 2 application was the most effective for plant root dry weight (50%), and shoot dry weight (50%) (Figure 1) . Furthermore, the parameters of salt-stressed plants receiving supplementary FNA were still lower than the values of non-salt stress treatment. The results presented here are in partial agreement with Martinez and Cerda (1999) who applied supplementary N alone in salt-stressed cucumber. It is also in accordance with previous findings of Kaya et al. (2002) for strawberry.
The adverse effect of high NaCl on chlorophyll concentration was previously shown (Yildirim et al. 2008) . The application of KNO 3 , Mg(NO 3 ) 2 and Ca(NO 3 ) 2 significantly improved chlorophyll content. Magnesium ions are found in the centre of chlorophyll molecules. Calcium plays an essential role in processes that preserve the structural and functional integrity of plant membranes (Marschner 1995) . Foliar applications of these elements could thus increase the chlorophyll content in plants under salt stress.
Salt stress reduced leaf relative water content (LRWC) of plants compared with the non-salt stress treatment; plant LRWC was reduced by 15% at 40mM NaCl (Figure 2 ). Higher alleviation effect was observed in the case of 10mM foliar KNO 3 and Ca(NO 3 ) 2 application at 8.0-8.2% at 40mM NaCl salinity stress, as compared to Mg(NO 3 ) 2 -4.8%. A decrease in LRWC under salinity stress was reported (Yildirim et al. 2008) ; it indicates a loss of turgor resulting in limited water availability for the cell-extension process. The application of KNO 3 , Mg(NO 3 ) 2 and Ca(NO 3 ) 2 significantly improved this parameter.
Electrolyte leakage was measured to determine membrane permeability. Membrane permeability (MP) of plant increased (85%) with addition of 40mM NaCl. However, supplied FNA decreased MP of plant compared to untreated plants. The application of KNO 3 , Mg(NO 3 ) 2 and Ca(NO 3 ) 2 significantly improved MP; higher alleviation effect was observed in the case of 10mM foliar K(NO 3 ) 2 and Ca(NO 3 ) 2 application at 27.4-28% at 40mM NaCl salinity stress. Although FNA led to a partial decrease in the leakage, the value was still higher compared to the non-stressed (0mM NaCl) treatment; the exact structural and functional modification caused by stress was not determined. The cellular membrane dysfunction caused by salt stress is well expressed in its increased permeability for ions and electrolytes, which can be readily measured by the efflux and electrolytes (Lutts et al. 1996) .
Salinity reduced plant macro and micro nutrient contents except for Na and Cl content of plant shoots and roots. The foliar application of KNO 3 , Mg(NO 3 ) 2 , Ca(NO 3 ) 2 increased the concentration of N, K, Mg, Ca, S and P content under salinity stress. It is not surprising that supplementary KNO 3 , Mg(NO 3 ) 2 , Ca(NO 3 ) 2 enhanced concentrations of N, K, Ca, and Mg; however, contents of these elements in plants receiving supplementary KNO 3 , Mg(NO 3 ) 2 , Ca(NO 3 ) 2 were still much lower than those of non-salt stress treatment (Tables 1  and 2) . Similarly, P, Fe and Zn contents of plants (Tables 1-4 ). The application of N fertilizer was reported to mitigate significantly the adverse effects caused by salt stress on a number of crops (Leidi et al. 1991) . Similarly, Cerda and Matinez (1998) found that the forms of N in the nutrient solution affected plant response to salinity. The higher concentration of cations generally observed under nitrate-N in the saline soil are in agreement with previous results for wheat (Irshad et al. 2002) . Generally, NH 4 -N reduces cation uptake and enhances anion uptake, while NO 3 -N has the opposite effect in several plant species (Barker and Mills 1980) . For both saline and non-saline treatments, Na/N, Na/K, Na/Ca, Na/Mg and Na/P ratios were highest in the FNA-untreated plants. Lower Na/K, Na/Ca and Na/Mg ratios of shoot were determined in KNO 3 , Ca(NO 3 ) 2 and Mg(NO 3 ) 2 applications at 10mM concentration, respectively; but it is not surprising that supplementary KNO 3 , Mg(NO 3 ) 2 , Ca(NO 3 ) 2 applications decreased these parameters (Figure 3, 4) . The lowest Na/N and Na/P ratios of shoots were determined for Mg(NO 3 ) 2 at 10mM concentration (Figure 4) . But it was not effectively on root parts of plant. On the other Figure 3 . Effects of foliar nutrient application on Na and macro element ratio of strawberry plant shoot grown under with (40mM NaCl) and without salinity stress hand, the highest root (Na) /shoot (Na) , and root (Cl) / shoot (Cl) ratio were obtained from Ca(NO 3 ) 2 at 10mM concentration (Figure 4 ). These high ratios indicate that Ca, K and Mg transport was impaired by Na under saline conditions and could disturb plant metabolism and reduce plant growth. Plant inorganic ions were negatively related to salt doses. From the results of this experiment, it can be concluded that NO 3 -with K, Ca and Mg counteracted the deleterious effects of salinity stress on the investigated parameters, helped the strawberry plants to avoid Na toxicity and improved cell membrane stability and nutrient uptake under salinity stress. Improvement of plant growth, water status of salt-stressed strawberry plants makes it possible to recommend the treatment of plants grown under saline conditions with the above chemicals. FNA significantly improved the variables affected by high salinity and also increased plant mineral nutrient balance, enhanced plant growth by nutrients uptake of plant as needed. The addition of FNA could offer an economical and simple solution to problems in production of salt-sensitive strawberry plants aridisol caused by high salinity. Further studies are nonetheless required in order to determine the efficiency of these materials under natural field condition. 
